Study objective-The aim was to estimate fracture rates and fracture prevalence from fracture histories in normal postmenopausal women.
Virtually all studies of fracture epidemiology are based on hospital statistics, which must underestimate the incidence of fractures that do not require hospital management. The result is that only the hip fracture rates can be considered truly reliable, even in Western countries; in developing countries, even hip fracture rates are uncertain because so many of these cases never reach hospital. Moreover, the published studies of the relation between osteoporosis and fracture concentrate almost exclusively on fractures of the hip, spine, and wrist, as though these were the only ones that can be related to a deficiency of bone.
We have calculated the rates of peripheral non-hip fractures, retrospectively and prospectively, in a cohort of 492 apparently healthy postmenopausal volunteers from fracture histories obtained at the beginning and end of a five year period. The results indicate that the postmenopausal surge in fracture rates applies to most if not all peripheral fractures and that wrist fractures represent only about 30°0 of the total.
The results suggest that fracture histories are extremely reproducible within individuals and reveal that the total fracture prevalence attributable to menopausal bone loss is substantially greater than has been implied by previous studies.
Methods
The series comprises 492 apparently normal, healthy postmenopausal volunteers with a mean age in 1988 of 63-6 (SD 5 7) years. They comprise 492 of our original cohort of 557 healthy volunteers studied in 19831 2 who responded to a follow up inquiry five years later. This cohort was originally recruited through the media. They represent the residue of over 1000 applicants after exclusion by questionnaire of all those who were receiving therapies (such as diuretics or oestrogen) or were suffering from diseases (such as arthritis) which might affect bone. At a later stage, after biochemical tests on blood and urine, cases of hyperparathyroidism, Paget's disease, and other disorders were excluded-as were subjects who were found to be premenopausal. The final entry into the study then comprised 557 women. The present 492 represent all those who responded to follow up enquiries in 1988. Three hundred and seventy one had undergone a natural menopause; 63 had been oophorectomised and 58 had undergone simple hysterectomy. In the 434 in whom the age at menopause could be defined, the mean years since menopause in 1988 was 14-4 (SD 6 5) in the whole set, 13 9 (SD 6 4) in the natural menopause set, and 18-6 (SD 7 0) in the oophorectomised set. The mean age at menopause was 50-1 (SD 4 3) years in the natural menopause set and 43 9 (SD 6 2) in the oophorectomised set.
Fracture histories were ascertained by self report. In 1983, the volunteers were questioned about fractures they had incurred since the age of 18 years and asked to recall the age at fracture and the type of fracture. Fractures associated with road traffic accidents were excluded. In 1988, the same information was obtained again from 360 who attended for personal interview and 134 who replied to a questionnaire, but two of the latter were excluded because they could not recall their age at fracture. The 1988 survey therefore provided a check on the original information as well as new information about fresh fractures since 1983. There were only four early fractures reported in 1988 which had not been reported in 1983. The reproducibility of the fracture histories after a five year interval was therefore extremely high.
Age specific fracture rates were calculated by using as the population at risk all those subjects over the specified age at the time of interview. Thus the fracture rate at age 60 years was calculated from the number of fractures reported to have occurred at that age divided by the number of women who were more than 60 years old at the time of interview.
Results
The total number and types of fracture which occurred before 1983 and in the five years 1984-1988 are shown in table I. There had been 45 fractures in 39 subjects before the menopause; 114 in 84 subjects after the menopause up to 1983; and 69 in 57 subjects in the next five years. Ninety six had one fracture, 36 had two fractures, 12 had three fractures, one had four fractures, and four had five fractures, making a total of 228 fractures in 149 subjects altogether. The mean definable age at menopause of the fracture subjects was 49 2 years and of the non-fracture subjects 48 4 years (NS).
Before the menopause, the most common single fracture was of the foot or ankle (table I) . After the menopause, in both retrospective and prospective studies, the commonest single fracture was the wrist fracture, accounting for about 30" 0 of the total (table I). This was followed by ankle (foot) fractures and rib fractures. There was only one hip fracture in the whole series.
Of the 39 women with fractures before the menopause, 13 (33°,) had at least one subsequent fracture after the menopause. Of the 453 who did not fracture before the menopause, 110 (24 3'U) fractured subsequently (NS).
Of the 159 fractures which occurred up to 1983, 114 occurred in 84 women after the menopause. The age specific fracture rates in the whole set are shown in table II and in the figure. The numerators are the number of fractures grouped by age at fracture and the denominators the number of women in the study who were at risk at that time, both scaled up to rates per 100 000 per annum. The rates are steady at about 200 to 300 per 100 000 per annum before the menopause, climb after the menopause to about 3000 per 100 00 per annum, and then plateau at about age 60 years (figure).
Discussion
The great majority of women appear to remember their fractures and the age at which they occurred with remarkable clarity. Only two of our subjects felt unable to define the age at which fracture occurred (and were therefore excluded) and only four gave significantly different pre-1983 fracture histories in 1983 and 1988.
The retrospective and prospective parts of our study yielded very similar fracture rates, although the subjects were of course five yers older in the second study. Since the fracture rate was so stable and there were 57 women out 
